Lifespan is a biological process regulated by several genetic pathways. One strategy to investigate the biology of aging is to study animals that harbor mutations in components of age-regulatory pathways. If these mutations perturb the function of the age-regulatory pathway and therefore alter the lifespan of the entire organism, they provide important mechanistic insights [1][2][3] .
1. On day 0, at the beginning of the experiment count the total number of worms in each well. Censor wells that contain more than 18 animals from the analysis as animals in these wells will not have enough OP50 and will show effects of dietary restriction. 2. In order to increase the chance that the animals move shake the 96 well plate on a microtiter plate shaker for 2 min. before counting. 3. In each counting session, record date and number of animals which move as live animals. Movement in liquid is much easier than on solid media and can be induced by strong lights. The use of a higher magnification may help to spot very subtle movements like those of the tip of the pharynx. Such subtle movements are often the only movement observed in very old animals. 4 . Return plates to the 20°C incubator 5. Repeat step 2-4 every two to three days until all the animals are dead.
Representative Results.
This section shows an example of how to keep records of the lifespan data generated by this assay and some representative results. Figure 1A shows an example of how to record lifespan data during this assay. An excel sheet is used to keep track of the survival the populations in each well. For each well it's coordinate in the plate, strain, drug, concentration of the drug and the total number of animals alive on day 0 (X0) is recorded at the beginning of the experiment. Record date, as well as the number of living and dead animals three times a week in order to follow the survival of the various populations in each well. To graph the results, calculate the fraction of animals alive for each day and plot it as a function of time in days. P-values should be calculated using statistical packages like STATA or similar software.
The medium lifespan of C.elegans is temperature dependent. Figure 1B shows that temperature dependent changes in lifespan are accurately reproduced by the microtiter based lifespan assay 22 . Similarly, the microtiter plate assay reproduces changes in lifespan from mutants reported to have lifespans that differ from wild type N2 animals 23-24 25 ( Fig 1C) .
The assay also can be used to make more quantitative statements. In Fig1D mean lifespan is plotted as a function of Mirtazepine concentration 7 . Each data point represents the mean lifespan of 7-12 population, each living in a different well. Even though the number of animals per well is relatively low (5-15 animals) the well-to-well variation is relatively small as can be seen from the error bars. • 100 mg FUDR • Dissolve in 670 mL sterile S-complete, make 10 mL or 45 mL aliquots.
• Store at -20 °C.
100 mg/ mL Carbenicillin, 10 mL For the purpose of drug-screening, measuring lifespan in a 96 well microtiter plate format has several advantages over the classical solid media assay. It reduces the labor required for media preparation, the amount of incubation space, and the amount of drug required. The 96-well format and the microscopy setup allow automation of the entire assay for high throughput screenings.
During the development of the assay multiple values for each variable and combinations thereof were tested for their effects on C.elegans lifespan. These tests included different OP50 concentration ranging from 3 to 10 mg/ mL (3, 4, 6, 8, 10 mg/ mL), different number of worms per well ranging from 7 to 45 (7, 10, 15, 22, 45 worms/well), different culture volumes ranging from 40 to 150 μL per well (40, 60, 80, 100, 120, 150 μL), and changes in buffer composition. If fed with a Carbenicillin-resistant OP50, neither Carbenicillin nor Amphotericin B in the concentrations indicated were found to affect C.elegans lifespan. Continuous gentle shaking of the plates, as is often recommended in C.elegans liquid culture, was found dispensable for the small volumes used in this assay. Gentle shaking however is required if microtiter plates with larger wells are to be used. The values indicated in this protocol have been carefully selected based on statistical comparison of the different conditions tested.
The most surprising feature of this assay is probably the fact that C.elegans can be kept in 96 well plates that are sealed with tape. Side-by-side comparisons did not reveal any difference in lifespan of animals cultured in unsealed plates, in plates sealed with a plastic sealer, or in plates sealed with sealers that allow air exchange. In all three conditions, the animals developed very homogenously from L1 to gravid adults within 65 hours and showed very comparable lifespans. Animals grown in parallel on NGM developed slightly faster, but this difference was independent of the absence or presence of a sealer.
The presented protocol is based on live bacteria, but can be adapted for dead bacteria. However, in a liquid assay a single surviving bacteria can quickly multiply and re-populate the culture. In our hands, the only reliable way to kill bacteria to the extent that they can be used for liquid culture is by prolonged treatment of the bacteria with gamma irradiation.
One important point to consider in the planning of a lifespan experiment is the power of detection. Dependent on the size of the effect, the effect of the drug of interest must be tested in multiple wells. In a typical assay 4 drug-treated and 4 control wells, corresponding roughly to 40-50 animals each, should suffice to detect a 30% increase in lifespan in more than 95% of the experiments. Increases of 14 % are only detected in 60% of the cases and therefore require more replicate wells.
The wealth of lifespan data generated by this assay may be used to develop experiment or strain specific parametrical Gompertz models 1 . These Gompertz models are useful to determine the power of detection and to estimate the number of false positives and negatives for large-scale screens. We verified the predictions of these models in blind experiments and used them to estimate the numbers of false negatives in large screens (unpublished results).
